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Due to the discovery of shale gas technology in the US, CO2 (dry) reforming of 
methane (DRM) is extensively studied because it can decrease the greenhouse effect 
and produce high-value syngas (a mixture of CO and H2). Compared with noble 
metals, Ni based catalysts are preferable for DRM reaction because of the good 
catalytic performances and low cost. However, metal sintering and carbon deposition 
impedes the applicatoin of Ni catalysts for DRM reaction. Small particle size and 
strong metal-support interaction (MSI) can solve this problem. Aliphatic amine 
(acid)-capped nanocrystals have been effective in size control of nanocrystals due to 
different bulky property of their carbon chains. The more bulky for the aliphatic 
amine, the stronger steric hindrance it shows to control the size of Ni. In some cases, 
when size is changed, metal-support interaction is also different. Although the organic 
molecules are burnt out during calcination, the size and metal-support interaction are 
already modified, which exerts an influence on the reactivity. However, their effect on 
the supported catalyst is rarely discussed. Therefore, the effect of the organic 
molecules on the size and MSI of Ni/SiO2 catalysts applied in dry reforming of 
methane reaction is deeply investigated. 
In the first section, aliphatic amines of different carbon numbers (i.e., carbon 
number in one linear hydrocarbon chain, Nc) and concentrations (Ca) were used. The 
aliphatic amine with a larger carbon chain number and a higher amine concentration 





more hydrogen bonds were formed between the -NH2 and the silanol group and more 
electron transfer was found between Ni and the -NH2, forming a stronger MSI from 
XPS results. Since oleylamine (OAm) with molar ratio to Ni of 0.05:1 was proved to 
be much better than 0.01:1, 0.05:1 was applied in all alkyl-amines in this work. 
Among the alkyl-amines studied, NiSi-OAm showed stable catalytic performances 
(CO2 conversion of 78% and CH4 conversion of 70% within 20 hours) with low 
carbon deposition (1.8 mgC/gcat·h) for dry reforming of methane (DRM) reaction.  
In the next part, our interests are focused on optimizing the concentration of OAm 
in preparing Ni/SiO2 catalysts. The molar ratio (OAm:Ni) ranges from 0 to 4. The 
results showed that the more OAm used, the smaller size, the stronger MSI and the 
higher activity generated. NiSi-OAm-4 (molar ratio of 4:1) shows CO2 conversion of 
85% and CH4 conversion of 80% without carbon deposition or metal sintering in 100 
hours. In the preparation, due to the basic property of OAm, Ni(OH)2 particles formed 
interact with the long carbon chains of OAm. Furthermore, NH2 groups of OAm form 
hydrogen bonds with the silanol groups on SiO2. During the air calcination, part of the 
OAm burned after the decomposition of Ni nitrate so that the NiO particles can be 
blocked by steric hindrance of the hydrocarbon chains of OAm and stabilized by the 
hydrogen bond between OAm and SiO2.  
Previouly, oleic acid (OAc) was effective in promoting the reactivity of Ni/SiO2 for 
DRM. Also OAm/OAc pair could help in synthesis of stable, monodispersed 
nanoparticles. Therefore, OAm/OAc pair in synthesis of Ni/SiO2 catlayst was studied. 





form a much smaller particle size, a stronger MSI and a prolonged stability over 16 
hours at 700 °C with zero carbon deposition. In the OAm/OAc pair, OAc intimately 
interacts with silica support through hydrogen bond formed between the carboxylic 
group and silanol group of silica; OAm quickly forms a complex with Ni and 
promotes the absorption of Ni on silica due to the basic property of amine ligand; 
amide bond between the carboxylic group of OAc and the amine group of OAm takes 
the advantages of both additives and also formed a stronger steric hindrance due to the 
more complex aliphatic chain network. 
Although OAm+OAc ion pair is effective due to the lower cost and better catalytic 
performance at a low ratio (0.02), the catalytic performance needed to be improved. 
Co is good for soot oxidation due to its redox property, which may help to enhance 
the carbon resistance. Also a uniform morphology, high surface area, and well 
dispersed particles of active sites were shown in NiCo/Al2O3 nanocatalyst for dry 
reforming of methane. Therefore, Co is introduced to form a NiCo/SiO2 with 
OAm/OAc organic pair. In the NiCo/SiO2, Ni metal size is controlled, MSI is 
strengthened, Ni sintering and oxidation are prevented. Compared with single ligand 
(OAm or OAc), the Ni-Co alloy prepared with OAm/OAc pair is homogeneously 
distributed. This small and homogeneous NiCo/SiO2 shows high conversion of CO2 
and CH4 over 30 hours without carbon deposition or metal sintering. 
In summary, a series of Ni (NiCo)/SiO2 catalysts are synthesized via complexation 
with organic molecules (mainly OAm and OAm/OAc organic pair). The improved 





properties of highly dispersed uniform Ni-Co alloy on silica with a strong 
metal-support interaction. These catalysts show great potential to be applied in other 
reactions conducted at a wide range of temperatures.   
Key words: Ni, Ni-Co alloy, SiO2, organic molecule, aliphatic amine, oleylamine, 
oleic acid, dry reforming of methane, phyllosilicate. 
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